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(54) METHOD FOR PRODUCING INDUSTRIAL GAS BY USING PRESSURE- VARIED ADSORPTIVE 
SEPARATION APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for producing an 

industrial gas by using PSA apparatus, capable of more correctly ^ 

controlling load of PSA apparatus, following used amount of gas of 
a gas user. 

SOLUTION: In this method for producing an industrial gas by using 
PSA apparatus, pressure fluctuation in a product gas holclet is 
measured and pressure (Pn) after correction of average value of 
variation of the product gas holder is obtained based on the 
measured value and apparatus load on PSA apparatus is obtained 
based on pressure after correction of average value of variation 
and preceding variation of apparatus load on PSA apparatus is 
obtained based on measured value of pressure fluctuation of the 
product gas holder and weight coefficient in operation of apparatus 
load and preceding variation of the apparatus load is added to the 
apparatus load obtained based on the pressure (Pn) after 
correction of average value of variation to provide preceding 
apparatus load, and introduction amount of raw material gas to the 
PSA apparatus and required time of each step are controlled 
based on the preceding apparatus load. 



1- 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner s decision of 

rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 



BEST AVAILABLE COPY 



http://www1 9.ipdl.ncipi.go.jp/PA1 /result/detail/main/ wAAABiaGgMDA41 3279267P1 .htm 2005/01/1 9 



(19)H*B»l1F/r (JP) 02) ^ ^ 4^ 1^ ^ ^ (A) (ll)1*l1FfflB^^W»^ 

#182001-279267 
(P2001-279267A) 

mVuka 0 ¥*13#10^ lOB (2001. 10. 10) 



ClOK 1/32 
B 0 1 D 53/04 
C 0 1 B 3/38 
3/56 



F I 

ClOK 1/32 
B 0 1 D 53/04 
C 0 1 B 3/38 
3/56 



f-7a-F-{##) 
4D0 1 2 
B 4G040 
4H0 6 0 

Z 



mswm ms^ »«3So*5 OL {± lo h) 



(21)UK»# 


4$R2000-90e66(P2000-908e6) 


(71)tiiBA 


000176752 










(22)ftlHB 


7je£12^ 3 H29B (2000. 3. 29) 




I4>i$;;if A;ii«titr;ii«iK:*:jri*r 2 » 1 ^ 






(72)«lB« 










««?ill««Rm«K7^'yJ«l 1 -85 






(72)9ei»# 
















(72)«M« 


ttm w& 








ItjSSilHRftlRffrtt^Km^m 5-2-3 






mmmm 


















100076587 








^m± !i\it itfi 











(54) {stmoy^m] zi]^9^»tmm^mr,^ftxm:i}7.w&^m 



(57) 

^ (Pn ) &*«>^ S^b«¥*^fi«iEafe<Dff:^^C»l^T 

SOT p s A^m<D&snmo9tfj$^nmintif>. c<d 

c<o5fe^Ti^ga^§lc»l^TP s Aiig'>v<oi^»4;'3x 



r 



jL 



^ (A ) 
I (B ) 

I >»tt?tHiat I 

(D) ^ (C) 



|Mltt<»iKHH -" l Jon I 



-f— 



PSAill 



BEST AVAILABLE COPY 



t I. 



«S*Wr-5ffi:'3SSj<»S^a (PSA) ^a(cl^.»4;y 

gsd^ e> 3iiaiT * 7f 7 ;y ;^ liss^o A- -x^'A <t 

ffe<D®JS«<DHEEXg^lcaqSSSj!)^e>3Sai-r 
-5 7 A UTSrt «: A- vf^. A- vXS<i: . 

K/t--:;xs*<»Tu>s:i»«sicisa/f:^*«AUT» 
$tosa(cjsair-&. E:>}£»l«i«^»^s«rffll^ybx 

(Pn ) ^^*«>- ^^<k«¥*^MtSiES<OE:'ilc5 
a*. H!iE^<ba¥J^tt»iEa<Dff:*3 (Pn ) lcSl>T 

B3IS/'«-vXS<!:»ffXS<!:(0PBllC. /t- 
vXSd^iKT U>t«aS<!:B«iSaEXSX^^7 bfcffetO 

Pn (M P a) = C (Pn-2 ) 
KS^ba¥*^ffl«iEaol8S:*JX/t^;uyaE^ (Pn ) 

st^TTiesc (2) ic,fcygijiQi:^si!ii»g^asgo 

Yn (%) =A ■ Pn +B 

X7l^;U^(D, BMie¥l^ff:^<D¥»^ffi (Pn-2 ) <t (P 

Zn = (Pn-2 -Pn-1 ) • K 

mi'Mi^ftmrnn^ifc'timiha. (Zn ) Tiesc 

(4) (cJ:y. Btil2S<ba¥^<i«liEa©«a«:^*Jl' 

Xn = Yn + Zn 
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^9 1 2 ic§eK0?. s^siiftiKa^^-ttiia^rffii^ 

fcXII;y;^S!5l:^;io 

2*>j:i^m3wi»«s*«-r«ff^s»i»a5i-« (PS 

A) iJa(cm*4;'f;^^SAU, BulBS-iftJ&ST. buISIS 

•&5^a. @iRr.5i»sxe<t. ^i«sxg*<is7 

i»iiSW>''«--x:^';^<!:bTfflO-5Haxe<t, K«ffX 
e/l<**7 U/ti»iSS<t/t- -xXS*<t»T U/5:H5iefft<Oi« 

a«*ajiuTerta*)«;iiu<-r-5i^ffxsi. 

ffit-r'5^7:*3X$:ls]iR-r-5.7'P-y':»>xe<h, ^:?'P 
-y-jJVXSAi^Tb/tiftSSIC. ffe<Di»SS<D-HJEX 

/t-vf -S/t- vXSi:. a/t->?Xgd<*?7bfci!ft« 
S<t:a3ia»ff XSXi^J«T bfcffecO *iSii UTS 

f>im-h^mv<r^i^EExmt. st^axeA^^Tu/t 

i»3tSlCiaS;^'7.^SAUT^ffir^^ffiXg<!:«:W-r 

-5-acDff:b^ifti»^^a^f*^ms<D'f >^'-a;u-c 
a:tf:^*;i'4'*^i-uT>jxffifflsfe<Dsaici2iai-r-5. s 

T. 

ICfcCt*. S2i»aS(D«ffXS^<7)¥*^ffi:tJ (Pla) 
iS3i!ftgSa?^ffXg^(DSFt^ff:^ (Pib) <h<D¥t^ 
fS (Pn-2 ) <t> SBi iRSScoaaxS^O^t^ff:^ 
(P2a) <tm2i»ag«)SBEXg^<D¥t^ff^ (Pzb) 

t(OW-i^m (Pn-1 ) (CS^.^TTle^ (D ICj;iJ^<b 

a¥t^li*iiE^<o»s>i;^;t^;uyffi:'i (Pn ) 

+ (Pn-1 ) J /2 • • • (1 ) 
SaftS (Yn ) 

• • • (2) 

n-1) <omn (Pn-2 - Pn-1 ) <!:Siaft?53i»^©a 

(K) {zSivTTie (3) ^lc:J;Ufluieff:^^»i 

<&^^ums<Dmsnm<o9cfi^i>)it (Zn ) *^a9 

• • • (3) 

(K=a*^fi6a) 

^ICSl^T*«)fcilBft^^a (Yn ) (C»DxT5feftilS 
(Xn ) iU. 

... (4) 

*«)>t5fe?7isa^?5 (Xn ) izmi^x mtzELti^») 
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[0 0 0 1 1 

[0 0 0 2] 

{i^f^:^7.. LPG. :>-:7ltl|(7>]^<b7K^^. ^Jx(i- 

^SS (lUT. P S Agg<ht)t^p) (DbuIEi&S^ICSA 

->?xii. s^ffxs^o«taxg*«i;^«u3st-c<»:ic 

ctUiSit^n. -etDttSiiv «X_tf9 9. 9 9 9 V o I 

[0 0 0 3] me it. mn^nmm^mxfzP sAmm 

c»HSSB6 2 SlS«»llSia6 2Ti£*-r^7k*U 

aiBmx-r'5>p s Agae 4<bic*»j$n. psAsae 
SA. Bfccfct/ct. c:tit>®as*ii^-r^EWfccfc 

nTC^^« 6 5li, Ka;yx6 6<»:UT<D7K^^:»a■r 
[0 0 0 4] tprtj>i>^. LPG. -j-yv-mo^nm^ 6 

«jKo#fiT, 8 0 o'csjafeossia-CTkaime 7 

6 3 t^^. atK/i::^ 6 3 li. ^iittCD P S A^a e A(D 

cfc t/^ c (c fc c \T t>iffi;^i5i ticos:^ Sidifta 53^asf^x>< 



5tsaic«jg$n^o 6 8fc<i:c/6 9(i. ^n^nsis 
sa 6 2 ic«*&$n-5i8*4fc ci:i/cja«fflsa. 7 0 

p s Aiiae 4;5^e>s^ai^n'5;t7/jA-c^^, 

[0 0 0 5] C<0<tP^:3:P s ASa^fflC^^tXIl:^';^** 

j§:^;^lCfcl^T. sia^:^ofiEffl5tsa(cfc(t-5^'Affi 

i*9CDEE^€:ll»JU. coff:?3C0^ij!i(cSi^TillSSa& 
f^'iSt^O. P s A^a^fflt^>^7k^S!j§:^>ii-fc»t^7K 

^Tt^jwyff:^^ p s ASiaa^SchcDM^s^^nttMa 

Tfc^, 0(Cfct^T. P S AcDSSa?5«li. 7K«7t^^U 

[0 0 0 61 -r;^t)t>. p s AS£as:fflt^rcxiii;tf;^» 

siafi?s^»iai-r'5±iBS£*s«-c«. Msyij^^off^ 
-c^'5ic't)X>^/)^t)e-r. :tf;^s{jtsa<oa<5X)^:^^<^^ 

iaS:tf>^7|^;bt$^OS«TP S ASa<Dff^iE»l€:®iR'r 

mi^x p s ASia<o^?s*sa5t-^^;i. ^aM?5r<^it5 

[0 0 0 7] 

f)^z>it. -ecT\ ;f3;^ffiffl5fe^atcfc(t'5;b';^«ffl«ic 

iise bT p s A ^m<o%^m^^ u lEtt ic»j®-r ^ c <h 
ffix^^ p s AKa*fflt^/::Xll/3:^SIig^5£<DBa«;&* 

PS ASa<^*J«I^a*>5:<U. >3:^fiEffl5fe 

(Otea^S-SCchX^^T^-S. P S AiSa^fflt^/::XII:^' 
[0 0 0 81 

)v^^&^i6^u^m.%MUW\mt<om^\zz)i\x^m. 



:^3ffi«*»JS0. SSIS<ilcSOTBlilSi3S^;^*-»uy 
«)S{bS¥^<lMiE^(OE:^ (Pn ) 5S«>/cS 
^ba¥i^il«iE^<Off:^lc«^t-S P S A^|g(D^S* 

ffUnm^. HulE^<k«¥t^<i«iE^<DEE^ (Pn ) I- 
^TSlla^5lCSl^TP S Agg'S(Dll»4/]:^<D®A2fc 

<fct/sis<DmsK*PBi^*iffli-r^c<biz^y. psA^ 

10 0 0 91 t-;3:t>^. *M-Ci^fF^*-r*^«iliJaT 
(1) i»«aiJ*?EWU/£:. '>^<<!:t3SC0i»aS«:W 

t--sE:^^i!i'»S5^a (PSA) ^m{zmM^':K^m?< 

BulE^iSfiST^ BulEl^»4;>J:^f <OSi»afi£«*'» 
saaj 5 ;t 7 A'^ «:<fe«0<»S«<0/ 1 - ;^ <t U Tffl I ^ 

EbTi»«a'jA»e.aitt-r«:t7^:^«iHiiRr*yo-^' 
ftfc©i»sis<D3«axe^ ic^qRit e>3ttaj-r -s 7 

X«3iAUTSrt*/<-v^«/"«->fXe<t. ^A-v 

xeA<i^7Lfc'»a«ic:iaa;>fx^a?AUT^fff-5^ 

Xe <!: f -5 -a«>EE:'3S»l'»3§^^ aaSft mScO 
«¥J^ffl«iEa<Dff:fj (Pn ) ^^<k«¥i^<i 

.hu, K5feftsiaa?5icsi\rmiieff^^i(i"»a«^a^i 
a'^ois*4^;^©3jA«te«fct^BMiesxti(OR»fg^rB^^ 

Pn (M P a) = ( (Pn-2 
KS{ka¥*5ffitfIEa©llS:«:^*-'U^EE:'3 (Pn ) 

suTTSic (2) icj;yB5iaE:'js»)i!as5}-a^acD 

Yn (%) =A • Pn + B 

aft^«*«>-5/t4f>o-»:jfiffiiao«S!fc*y. Att. 

y-<>. 811. /t'f 7>?.-C«>-5. ) ;5ct>T. milEIKa^ 
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lx/J:XII:tfy^S!ji*j*. 

[0 0 10] (2) mifeigeffXSi^ra-y^'VXgi 
©folic. «ffiXgd<i^7 L./ii«^S<tBulS/<->>xeX!< 

i^ffiie**^. H!liS/^-vXli<t^EXS<t<DPBllC. 

te<Di»aS<i:*iiiiUTSrtE:^3«:tlU<f -Sl^SXe 
•5c:i*!^a<!:-r-S±IB (1) IClSK©. EE^S 

(3) mI12)l*4:W7.A^7KM^^:«:^T*tJ. mn)j7>iJ^ 

(2) lclStE(D. E:^ilE»i»«»aSB*fflOfc 

Xll;^:^li!ig:^;i. 

[00111 (4) i!ft^»J*?E«U/t. SB 
1. IB2*3<ttXS3©i!S3SS««-r-SS:>3S»l'!S«»a 

(PSA) siaicis*4^/;^^SAb, BMies-isgST. 

m&^^i^M, miR^^iftSXS.!:. ^iSSX^a^^T 
Ufc««S*aff UTHfIt2i»S«*^ e»3itai r-5 
«:fte<O®gSC0/^-v;']:^<tUTffll^-5iaffXSi:, S 

f6©i»ss*aii uTSrtffi:^ €11 u < r « t^ff xs 
aij e> asttf * Tj- 7 X € iHi«tstt- * -y >xs 

t. ^7'a-:5^'^>Xgd<t?7bfciaSglC. ffe(D?Rit 
S©«EiesSlC^i»3B«A^e.-3Sttit-«:t7^:^«:3JA 

uTSrt^/^-v-r-5/^-vxgi. m./-i-i^T.m/fiiS: 
aiiUTSrtffi^*^u<^'5i^ffxe<t. ^i^BExe 

A<»7 U/t"»«SICl3a^^*35A UT^jEf -suffix 

air's. &ti^Wi^m^«tmm^mf,^rcxm^:f^m-^:fi 

Kfj (Pla) «!:S3iia«ScDSffXe^O¥J^ff:*3 (P 
lb) t(DW-^m (Pn-2 ) m 1 i»SS<D«JEXe^ 
(D¥i^&il (P2a) <tlg2ia«S<D»ffXe^<D¥i^aE 
:»j (P2b) i:(DW-i^m (Pn-1 > CStxTTlE^ (1) 

(Pn ) 

+ (Pn-1 ) ] /2 • • • (1 ) 
iia&?3 (Yn ) 

• ■ • (2) 

:^7|x;U^<0. B«l5¥t^ff:^©¥i5<i (Pn-2 ) <t ( P 
n-l) COS» (Pn-2 - Pn-1 ) <t:^ga?g;1imR<^a 
(K) ICSl^TTie (3) JC(cJ;yH5ISff:tiS» 



(5) 
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Zn = (Pn-2 -Pn-1 ) • K 
^^*fflU/::SBi&?^$fefT^aa (Zn ) Tie^ 

Xn = + Zn 
md?)/b$t?T^BaS (Xn ) \Z&{.^Xm^EE:h^W} 

T^±m (4) ici5K<D. ffi^a»i»«5^asi»*ffitx 
[0 0 1 31 *^^(cfcl^T. m^n^^n^j\^y<Dmtm 

$e»IC¥*^b>S:¥*^ff^^tM^ i»«XS. »EX 

:/p-:$^o>xe. A-vxs. SEExen^i©;^ 

wic$50T. ^aa?33is»<os*fi6» (k) fi. ps 

-5ffl-e*oT, usscDgaaeKiiiCcfcysaffiSriiai 

r-s^n-^v^/'^^^^-^'c^y. ii«i . 0-1. 

[0 0 1 41 *s!wicfccNT. mmnm(09cnmW}At 

Mwmom^^n (k) ^mifftmtuxm^n^^ m 
t-'5^am?5icjipA^c<i:icj:u, ^m±»<D9trT^m 

f -St^EXS^WU. /t->?xe<h»ffXe<!:<^ro1(C, 
q5€S<h^jlilUTSf^a:^*^l^<^^t^axS^W 



• • • (3) 

mi^x^dbf^^mn^m (Vn ) (c»Dx.T5fe^T^am^ 

(Xn ) <tU, 

... (4) 

[0 0 1 51 :*:^WICfcUT. fflEXS"Ci«S§X?^65a 

^^tux. i&<D^mm\zmf^nE,i:mm{z^mmt)^ 

[0 0 161 

0iR-r^. PSASSa^fflt^>i:7K«<D»3g:fit}£^«l 

izt-Dxmmizmmi-^o m^ n^ifm2{t. ^^w<o 

^ff:^ (Pn ) lcSCNT**^)>b^afi?^a (Yn ) OK 
CD. a^{kfi¥i^fficD¥4^<B (Pn-2 ) ^ (Pn-1 ) 

(K) t\zmi^xjittb/t&mnm9t^mth* (Zn ) <t 

[0 0 1 71 0 1 IC*5t>T. A. B. C 3^X>^e>>5:'5 P 
SA^SalCfct^T. SXT^^y^J'iOqftSXSt!:. 1X5^ 

CD. *«7|v;uyi*3jE^*^ii:$^U. BS«jEXe^(07K 
m^)i^y&t^(DmtBi^^m : Pla= (Pll+Pl2) / 
2<b. CS»axiSRi(07K^?t^;i'5^a:^<0^<kS^t^ 
<i : Plb= (P13+P21) /2 tCO^t^fii : Pn-2 = 
(Pla+Plb) /2;&^ AS(Dqft3tXg (^5^'>^l- 
3) ^<0¥t^7K^*;uyEE:^ : Pn-2 tUTa^tlTC^ 

[0 0 1 81 A«ajExe^<7>7k«?t^;u^EE^<D 
mtm^^M : P2a= (P21+P22) /2<hB^^aX 
gffiiC07K^*;uy£E:^<OiE<t:a¥i^<S : P2b= (P23 + 

P3l) /2(0¥*^®: Pn-1 = (P2a+P2b) /2Xr<. 

c^(oqs«xs (;^7^.yy4-6) m(DW'i^7^m7t^j\^y 

E:t5 : Pn-i chUXa^nTO-So CCTTIS^ (1) 
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Pn (MPa) = (Pn-2 + Pn 
mtbftStitSiW-^^miEik(D7i^m7t^Jiyp^&fi (Pn ) 
lCgl^TTl^<7)-;^ifi«^ (2) IC<t U H5l57k^7fK;uy 

rtff:^ (Pn ) psA^a<D^am?§ (Y 

Yn (%) =A • Pn +B 

aM?^^**!:)^>ti6(o— ;^ifi«sco«6a-c» y . All, 
y>f>. Bit. A-f7;^-c*^o ) ig2icfco 

Zn = (Pn-2 -Pn-1 ) • « 
Xn = Yn + Zn 

^Ac>. 3Ri^);t^^7Ssa©?s (Xn ) icjEBi;TPSASsa 

(Dl^.3f4 X O ^ AM cfc S« IC It -5 «iSX 

aiciifieu>i:aa)i8S;^'x. fiiAifTK^^iSigu. ffim 

5fega ic«llic«|gr ^ C <!: ^. 
[0 0 2 1 ] *^^«IZfcUT. qS^S<0aii3S^/b(i 

[0 0 2 2] :^:»WlCfct^T. l^SSfiiRS^i^aaftCO 
«-xe<7)WSK*rBlli. PS A^a^<0^.*4:^':^O«A 

aoo-aeoft?. «sxgii, i20-i80». 

a-i$^0>xmUs 1 2 0-1 8 0f^\ yt-ixXS(i. 
1 2 0 ~ 1 8 0 f:J^. ^BEXSll. 1 2 0-1 8 0«?-C*> 
-So i»g^l*JCOqSSXe^cDm:^iHi. S-XS^ 

Pel, m4>j;^3iAaiiic<fc:?TS»-r^;&<, m^imm 

XmmOKtiit. 0. 7-0. 8MPa, aEEXg^(D 
EE^Ii. 0. 4 — 0. 7MPa, yu—^':f>Xm^(D 
B-tlit^ 0. 05-0. 4MPa. /^-vXS^Offi^ 
II. 0. 0 — 0. 05Mpa. SaXS^OS^Ii, 

0. 2 — 0. TMPaX^^. 

[0 0 2 3] 

[HffiWl ;^lc**W(DSi*WIISfi«^SiWr'5. 0 3 

Pn (M P a) = ( (Pn-2 



-1 ) /2 • • • (1 ) 

n ) ***^^CtA<-C$^c 
[0 0 19] 

• • • (2) 

<1 (Pn-2 ) ^ (Pn-1 ) <^^» (Pn-2 -Pn-1 ) 

^mnmmn^(Dm^m& (k) ^moxT%^ (3) ^ 
(cj:y^a9u>s:sa©?3fo5fe?7S»a (Zn ) tomm 

< • • • (3) 

n ) (o^tfip s A^m(09tf7mmn^ (Xn ) t^^. 

[0 0 2 01 

... (4) 

tt. *5EW(0-IISS«lcaffl$n^P S AgB<D!ttM 

0. 04(i. $feff^iafe^^a^*d6-5aMawai3im:^ 
ssaii. i»asij<t:UT-if:t^>r hx?<?E«^n>t. §a8 

0 0U^;/h;UOPfiaSA. Bt5ctt^C<t, Kffll«S-C» 

^:7;ffX7t^;u^3<t. h5IS®«SA. b. c. *IR?t^;u 
5^2 feci: t/5!-:7;^x7txiUi$^ 3 ^^ti^naef ^ffigS 
4 i3<t ^/miegs 4 icisit e>n/t0^^BS uy^/K;u:m 

0 0Nm3 /h r-Cfc^o /j:fc. Hi. ^n^7.S<Dm 

[0 0 2 4] m3<D^m^mi\ is»4;tf;^«i&jgi d^e> 

m^>C^5kK U/t. 7k« : 7 6 V o 1 C O : 2 V 
o I C02 : 1 9 V o I CH4 : 3 v o I %(D 
7k^U'y5^<DI^.«/]A5^PS A^aOlJSaSA. 8*5 
J^XfClzmXUs Si»«eA. B. CXSXy'yZfO^t 

•^>xg. /t->Jxe. i^jExe. fc<^o^saxs;:^^^ 
;^j:-i>9;^5^«>:/^ 1 -tf^^^i/itr^, -m<DK:hmih^ 

mii»mf\F (01 fc<fctX2#HS) BUIBA. B. CCD 

i»«s-r^ti^n3:^7^'yy^o're>uT^;^^Ti\ 0 
4 iZ7FU^n^mmai^mwyo-{zit'Dxms'n:^xn^ji^ 
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